Safety Relief Valves plays an important role in any pressurised system. The proper design of safety relief valves should consider the eective opening and closing characteristics to achieve the desired valve performance. One of the challenges in any valve design is the elimination of Shock waves. Shock waves are characterised by sudden pressure increase and Mach number drop.
Introduction

Shock waves in Safety Relief Valves
Where there are supersonic ows, there are usually also shock waves. A fundamental type of shock wave is the normal shock wave the shock wave normal to the ow direction. If the speed of the ow is much less than the speed of sound in the gas, the density of the gas remains constant and the ow of gas can be described by conserving momentum, and energy. As the speed of the ow approaches the speed of sound, compressibility eects on the gas must be considered. The density of the gas varies locally as the gas is compressed by the interior geometry. For compressible ows with little or small ow turning, the ow process is reversible and the entropy is constant. The change in ow properties are then given by the isentropic relations. But when a ow moves faster than the speed of sound, and there is an abrupt change in the ow area, shock waves are generated. Shock waves are very small regions in the gas where the gas properties change by a large amount.
Across a shock wave, the static pressure, temperature, and gas density increases almost instantaneously. The changes in the ow properties are irreversible and the entropy of the entire system increases. Because a shock wave does no work, and there is no heat addition, the total enthalpy and the total temperature are constant.
But because the ow is non-isentropic, the total pressure downstream of the shock is always less than the total pressure upstream of the shock. There is a loss of total pressure associated with a shock wave. Because total pressure changes across the shock, the usual (incompressible) form of Bernoulli's equation across the shock can not be used. The Mach number and speed of the ow also decrease across a shock wave. [7] A common example where shock waves appear, is a supersonic nozzle ow, which is typically found in a jet or rocket engine. A normal shock can appear in the diverging part of the nozzle under certain conditions. The nozzle geometry is very close to the safety valve geometry and hence the shock wave occurrence is possible. Relatively small valve geometry and hence the high speed ow through safety relief valves encourage the formation of shock waves in safety relief valves. Shock waves result in noise and vibration and may cause system failure. The designed valve's geometry and operational conditions should limit or eliminate the formation of shock waves.
Therefore, many studies have been carried out to understand, analyse and predict It is clear from Figure 8 that the Mach number prole doesn't depend on the Inlet pressure. This is because of the restricted chocked ow at the critical chocking plane as discussed by and Dempster and Elmayyah [1] . At xed chocking plane the Mach number is unity independent of the inlet pressure value. Therefore, the Mach number prole doesn't change with the inlet pressure value. The Mach number drop is independent of the stagnation pressure due to the xed chock plane with the value Ma=1. This makes the Mach number prole is constant at any value of stagnation pressure.Predicting Shock waves helps eliminating its occurrence in valve design. An ecient design should consider the geometrical and ow parameters that aect the shock wave occurrence and intensity.
